1. Introduction {#sec1-foods-05-00028}
===============

Foodborne illnesses are an increasingly common public health problem around the world \[[@B1-foods-05-00028]\]. These illnesses are generally caused by the consumption of foods contaminated with pathogenic microorganisms during different stages of pre- and post-harvest processing. Although various pathogens have been associated with the occurrence of foodborne illness, *Escherichia coli (E. coli)* O157:H7, *Listeria* and *Salmonella* are the most common pathogens related to multi-state outbreaks in the United States. Among these pathogens, *Salmonella typhimurium (S. typhimurium)* and *E. coli* O157:H7 were more likely to contaminate meat and fresh produce in the U.S. \[[@B2-foods-05-00028],[@B3-foods-05-00028]\].

A variety of synthetic antimicrobials have been used to reduce bacterial contamination in meat and fresh produce. However, synthetic antimicrobials have been associated with health problems such as hypersensitivity, allergies, asthma, hyperactivity and cancer \[[@B4-foods-05-00028]\]. These effects may be due to the direct side effects of food consumption containing antimicrobials during long- or short-term periods or due to the presence of residues of antimicrobials on foods \[[@B4-foods-05-00028]\]. In addition, synthetic antimicrobials can kill both bad and good bacteria in the human intestine \[[@B5-foods-05-00028]\], which could result in negative health consequences for consumers. Another concern related to the use of synthetic antimicrobials is an increased bacterial resistance to antimicrobials \[[@B6-foods-05-00028]\]. Because some bacterial strains develop protective systems and mechanisms to avoid antimicrobial effects, new drug-resistant bacterial strains can thrive \[[@B6-foods-05-00028]\]. Due to the growing health concerns by consumers, microbial susceptibility to resistance, and industrial interest in developing low cost and more effective agents, natural resource driven antimicrobials such as plant driven essential oils, organic acids, enzymes from animal sources and natural polymers have become increasingly attractive alternatives \[[@B7-foods-05-00028]\].

Essential oil is a hydrophobic liquid compartment obtained from various parts of plants such as flowers, seeds and stems \[[@B8-foods-05-00028]\]. Due to its aromatic characteristic, essential oil has long been used in the cosmetic and food industries as a flavoring agent. However, many studies have recognized other biological effects of essential oils such as antimicrobial, antidiabetic, and even anticancer activities \[[@B8-foods-05-00028]\]. Some essential oils possess antioxidant properties, which can have a positive effect on biological systems \[[@B9-foods-05-00028],[@B10-foods-05-00028]\] as well as food production by preventing oxidation \[[@B11-foods-05-00028]\]. Among these biological functions, the antimicrobial properties of essential oils are popular and have thus become of interest as potential replacements for synthetic antimicrobials. Thyme, bay laurel, cinnamon, oregano, clove, and nutmeg exhibited antimicrobial activity against different Gram-negative and -positive bacteria---*Campylobacter jejuni*, *E. coli*, *S. typhimurium*, *Listeria monocytogenes* and *Staphylococcus aureus*---respectively \[[@B12-foods-05-00028],[@B13-foods-05-00028]\]. Direct application of essential oils to food products such as beef also showed effective reduction of pathogens \[[@B14-foods-05-00028],[@B15-foods-05-00028]\]. Essential oils have been shown to have advantages as natural antimicrobials. These oils' various chemical compositions or single components at different concentrations have different inhibition mechanisms that can affect a variety of pathogens by changing membrane permeability, denaturing proteins and inhibiting enzymes \[[@B16-foods-05-00028]\]. Essential oils can also be used at low concentrations compared to synthetic antimicrobials and have shown effective antimicrobial activity against drug-resistant strains \[[@B16-foods-05-00028]\]. Moreover, essential oils did not affect existing beneficial intestinal bacteria such as *lactobacilli* and *bifidobacteria* \[[@B17-foods-05-00028]\]. These results suggest that essential oils would be potential candidates for development as natural antimicrobials, and the oils' residues on foods could improve human health, leading to an alternative to the negative health impacts of synthetic preservatives \[[@B16-foods-05-00028]\].

White wormwood (*Artemisia herba-alba* Asso.) and rose-scented geranium (*Pelargonium capitatum* × *P. radens*), aromatic herbs have been used for medicinal purposes to treat stomach disorders, hypertension, inflammation and diabetes and have also been used in the cosmetic and food industries as flavoring agents \[[@B18-foods-05-00028],[@B19-foods-05-00028],[@B20-foods-05-00028]\]. Bay laurel (*Laurus nobilis* L.), an evergreen tree of the Luraceae family, is popular in the culinary and food industries as a spice and as a flavoring agent \[[@B21-foods-05-00028]\]. Although the antimicrobial and antioxidant activities of bay laurel essential oil have already been studied, its activities can vary depending on which extraction method is used as well as areas and conditions where it is grown \[[@B22-foods-05-00028],[@B23-foods-05-00028]\]. The antimicrobial and antioxidant activities of white wormwood and rose-scented geranium essential oils remain to be explored.

The objective of the present study was to evaluate the antibacterial activities of commercial essential oils derived from white wormwood, rose-scented geranium and bay laurel against *S. typhimurium* and *E. coli* O157:H7, the most common pathogens found on fresh produce. To further explore whether these essential oils might also have antioxidant properties, their antioxidant activity was examined as well. Among these three essential oils, the one proven to be most effective in both prevention of *S. typhimurium* and *E. coli* O157:H7 and antioxidant activity was subjected to a sensory analysis in order to test for consumer acceptability of the oil's usage on fresh produce.

2. Materials and Methods {#sec2-foods-05-00028}
========================

2.1. Essential Oils {#sec2dot1-foods-05-00028}
-------------------

Essential oils derived from white wormwood (*Artemisia herba-alba* Asso.), rose-scented geranium (*Pelargonium capitatum* × *radens*), and leaves of bay laurel (*Laurus nobilis* L.) were purchased from New Directions Aromatics (Mississauga, Canada). The main components in each essential oil were provided from New Directions Aromatics (Mississauga, Canada) as follows: white wormwood essential oil consisted of 70% thujone; rose-scented geranium essential oil consisted of 16%--29% citronellol, 10%--25% geraniol, and 4%--8% linalool; bay laurel consisted of 30%--50% 1,8-cineol, 10%--20% linalool, 2.13% methyl eugenol and 0.01% eugenol. The oils were stored at 4 °C during the duration of the study.

2.2. Bacteria Strain and Enumeration {#sec2dot2-foods-05-00028}
------------------------------------

Freeze-dried *E. coli* O157:H7 (American Type Culture Collection; ATCC 700728) and *S. typhimurium* (ATCC 13311) were purchased from ATCC (Manassas, VA, USA). These isolates were transferred into a 5 mL brain heart infusion (BHI) broth, mixed and then incubated at 37 °C for 24 h. The bacterial suspension was then streaked on BHI agar plates. After incubation at 37 °C for 24 h, a single colony from each isolate was selected and inoculated into *Luria-Bertani* (LB) broth. The cells in the LB broth were incubated at 37 °C for 24 h.

2.3. Growth Over Time Assay {#sec2dot3-foods-05-00028}
---------------------------

A growth over time assay was performed to test the antimicrobial activities of the essential oils \[[@B24-foods-05-00028]\]. In this study, 0%, 0.1%, 0.15%, 0.25%, 0.5% and 1% of essential oils (*v*/*v*) were prepared by dissolving essential oils into an LB broth mixed with 1% Tween-80. Bacteria of treated LB were individually inoculated to reach 2--3 log colony forming unit (CFU)/mL. The mixtures were then incubated at 37 ˚C for 8 h. Bacterial growth was monitored by measuring turbidity over time in 2, 4, 6 and 8 h intervals at 610 nm using a spectrophotometer (Genesys 10S UV-Vis, Thermo Scientific, Waltham, MA, USA). After 8 h of incubation, a 100 µL amount of individual bacterial suspension was serially diluted with peptone water. Appropriate dilutions were plated onto an LB agar plate and then incubated at 37 °C for 24 h to determine the final population.

2.4. Agar Diffusion Spot Assay {#sec2dot4-foods-05-00028}
------------------------------

To determine bacterial susceptibility to essential oils, an agar diffusion spot assay was performed \[[@B25-foods-05-00028]\]. Fresh cultured bacteria were serially diluted up to four times by transferring 1 mL culture into 9 mL peptone water solution. The LB agar plates were inoculated with 0.5 mL of the fourth dilution of bacterial culture and then allowed to dry. Spots were formed by adding 20 µL of 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 0.6%, 0.7%, 0.8%, 1%, 3% and 8% of essential oils (*v*/*v*). Plates were incubated at 37 °C for 48 h. At 8 and 48 h incubation, bacteria growth was visually checked. The degree of bacterial inhibition was determined by no growth (−), some growth (−/+), or growth (+) in areas treated with essential oil. The minimum inhibition concentration (MIC) and minimum lethal concentration (MLC) were determined by the lowest concentration that completely inhibited bacterial growth after 8 and 48 h, respectively.

2.5. DPPH Free Radical Scavenging Activity {#sec2dot5-foods-05-00028}
------------------------------------------

To examine the radical scavenging activity of the essential oils, 2,2-diphenyl-1-picrylhydrazyl (DPPH) stable free radical compound was used \[[@B26-foods-05-00028]\]. Briefly, 100 µL of 0.5%, 1%,10%, 20%, 30%, 50% and 100% of white wormwood and rose-scented geranium essential oils (*v*/*v*) or 0.0625%, 0.125%, 0.25%, 0.5%, 1%, 5% and 10% of bay laurel essential oil (*v*/*v*) were added to 900 µL of 70 µM DPPH. 100 µL of 10 mM butylated hydroxytoluene (BHT), a synthetic antioxidant, and methanol were used as a positive and negative control, respectively. After incubation at room temperature for 30 min, absorbance was measured at 517 nm using a spectrophotometer. The DPPH free radical scavenging activity was determined and expressed as % inhibition of essential oils in a DPPH free radical using the following formula: $$\%~\text{scavenging\ activity} = \frac{\text{absorbance\ of\ an\ essential\ oil\ or\ a\ positive\ control}}{\text{absorbance\ of\ a\ negaive\ contraol}} \times 100.$$

In addition, EC~50~ was calculated to determine a concentration at which essential oils reduce the DPPH radical by 50% \[[@B27-foods-05-00028]\]. The experiment was conducted in quadruplicate.

2.6. Reducing Power Activity {#sec2dot6-foods-05-00028}
----------------------------

The reducing powder of essential oils was determined by measuring a reduction of ferric to ferrous \[[@B28-foods-05-00028]\]. In addition, 100 µL of 10% or 100% essential oils (*v/v*) was mixed with 2.5 mL of 0.2 M phosphate buffer (pH 6.6) to which 2.5 mL of 1% (*v*/*v*) potassium ferric cyanide was then added. Mixtures were incubated for 20 min at 50 °C. At the end of the reaction, 2.5 mL of 10% (*v*/*v*) trichloroacetic acid was added and mixtures were centrifuged at 3000 rpm for 10 min. 2.5 mL of the upper layer solution was mixed with 2.5 mL of water and then 0.5 mL of 0.1% (*v*/*v*) ferric chloride was added. The absorbance was measured at 700 nm. All buffer and reaction mixtures were prepared with 9% tween-20 to completely dissolve essential oils. Ascorbic acid (5 mM) was used as a positive control. The experiment was performed in quadruplicate.

2.7. Total Antioxidant Activity {#sec2dot7-foods-05-00028}
-------------------------------

Total antioxidant activity was measured using the method described by Pan *et al*. \[[@B29-foods-05-00028]\]. A total of 100 µL of 0.0001% essential oils (*v*/*v*) dissolved in methanol were added to 1 mL of reaction solution (0.6 M sulphuric acid, 28 mM sodium phosphate and 4 mM ammonium molybdate), incubated in a water bath at 95 °C for 90 min and then cooled for 5 min. Absorbance was measured at 695 nm, and 5 mM ascorbic acid and methanol were used as a positive and a negative control, respectively. All tests were performed in quadruplicate.

2.8. Sensory Analysis {#sec2dot8-foods-05-00028}
---------------------

A sensory analysis was performed on fresh produce (tomatoes, cantaloupe and spinach) that were hand-sprayed with 0.4% (*v*/*v*) rose-scented geranium essential oil \[[@B30-foods-05-00028]\]. Fresh produce as a control was sprayed with tap water. Each sample was allocated a three-digit random number to avoid bias by the panelists. The panel consisted of 14 assessors (six female and eight male) with previous experience in sensory evaluation. To determine the acceptability of the fresh produce, a 9-point hedonic scale was used where 9 = like extremely, 8 = like very much, 7 = like moderately, 6 = like slightly, 5 = neither like nor dislike, 4 = dislike slightly, 3 = dislike moderately, 2 = dislike very much, and 1 = dislike extremely was used. All panelists were asked to evaluate for color, browning, vegetable aroma, off-odor, texture and overall acceptability.

2.9. Statistical Analysis {#sec2dot9-foods-05-00028}
-------------------------

Data were expressed as means ± standard deviation (SD). One-way ANOVA was used for statistical analysis with a Tukey's test to determine difference among comparisons in *R* Statistical software (version 2.15.2). Difference was considered significant at *p* \< 0.05.

3. Results and Discussion {#sec3-foods-05-00028}
=========================

3.1. Effect of Essential Oils on the Growth of S. typhimurium and E. coli O157:H7 {#sec3dot1-foods-05-00028}
---------------------------------------------------------------------------------

To examine the effects of white wormwood, rose-scented geranium and bay laurel essential oils on the growth of *S*. *typhimurium* and *E. coli* O157:H7, bacterial growth was monitored by measuring turbidity as optical density (O.D.) in 2 h intervals during 8 h of incubation with the essential oils ([Figure 1](#foods-05-00028-f001){ref-type="fig"}). *S*. *typhimurium* and *E. coli* O157:H7 showed detectable populations after 4 h incubation, and then their growth sharply increased over the next 4 h ([Figure 1](#foods-05-00028-f001){ref-type="fig"}). At the end of 8 h of incubation, O.D. from both bacterial cultures exhibited 0.75--0.88. The addition of 0.1% white wormwood and rose-scented geranium essential oils resulted in a 97% reduction in the O.D. of *S*. *typhimurium*, whereas 0.15% white wormwood and 0.2% rose-scented geranium essential oils were required to produce a similar reduction in *E. coli* O157:H7 ([Figure 1](#foods-05-00028-f001){ref-type="fig"}A,B,D,E). Among the three essential oils, bay laurel essential oil exhibited the lowest bacterial inhibition ([Figure 1](#foods-05-00028-f001){ref-type="fig"}C,F). Upon completion of the growth over time assay, cells were subjected to a survival count ([Table 1](#foods-05-00028-t001){ref-type="table"}). In the control, *S*. *typhimurium* and *E. coli* O157:H7 were 8.89--9.68 log CFU/mL. With the addition of 0.1% white wormwood and rose-scented geranium essential oils, the growth of *S*. *typhimurium* was reduced to 2.87 ± 0.43 and 1.72 ± 0.22 log CFU/mL as indicated by a 70% and 81% inhibition, respectively, whereas 0.15% bay laurel essential oils blocked 64% of bacterial growth ([Table 1](#foods-05-00028-t001){ref-type="table"}). The *S*. *typhimurium* population was reduced to below detectable levels by concentrations of more than 0.1% white wormwood, rose-scented geranium and 0.2% bay laurel essential oil ([Table 1](#foods-05-00028-t001){ref-type="table"}). White wormwood essential oil at 0.2% showed a 66% reduction in *E. coli* O157:H7, indicated by 3.04 ± 0.14 log CFU/mL ([Table 1](#foods-05-00028-t001){ref-type="table"}). The bacterial population was reduced to below detectable levels at concentrations higher than 0.2%. Rose-scented geranium exhibited a similar inhibition at slightly higher concentrations compared to white wormwood essential oil, whereas 0.25% bay laurel essential oil showed a 54% reduction in *E. coli* O157:H7, supported by 4.17 ± 0.31 log CFU/mL. White wormwood at 0.25% and bay laurel at 0.5% reduced the *E. coli* O157:H7 population to below detectable levels.

To determine the lowest concentration that completely inhibited *S. typhimurium* and *E. coli* O157:H7 growth, essential oils were directly applied to agar plates inoculated with *S. typhimurium* and *E. coli* O157:H7. After 8 h of incubation, some colonies of *S. typhimurium* and *E. coli* O157:H7 were observed on a spotted area with 0.8%, 0.3% and 1% and 0.4%, 0.3% and 0.6% of white wormwood, rose-scented geranium and bay laurel essential oils, respectively ([Table 2](#foods-05-00028-t002){ref-type="table"} and [Figure 2](#foods-05-00028-f002){ref-type="fig"}). In contrast, 0.9%, 0.4% and 3% and 0.5%, 0.4% and 0.8% of white wormwood, rose-scented geranium and bay laurel essential oils completely inhibited visual growth of *S. typhimurium* and *E. coli* O157:H7, indicated as MIC in which no colonies were detected on the spotted area. The concentration at which bacteria grew after 48 h incubation was determined as MIC ([Table 2](#foods-05-00028-t002){ref-type="table"} and [Figure 2](#foods-05-00028-f002){ref-type="fig"}). *S. typhimurium* grew back in areas treated with less than 1% white wormwood after 48 h. This indicated that the MLC of its essential oil was determined to be 3%. Rose-scented geranium and bay laurel essential oils showed the same concentrations for MLC as their MIC against *S. typhimurium*. After 48 h, *E. coli* O157:H7 grew back at the MIC of three essential oils as well. No colony was observed in areas treated with 0.6% and 0.5% white wormwood and rose geranium, respectively, as indicated by MLC. However, *E. coli* O157:H7 grew in areas treated with bay laurel essential oil up to 0.9%. This indicated that the MLC of bay laurel was 1% with no colony in the area.

All of the essential oils used in this study showed significant antibacterial activity, with the variation depending on both types and concentrations of essential oil. Although white wormwood essential oil inhibited the growth of *E. coli* O157:H7 at a slightly lower concentration than rose-scented geranium essential oil, white wormwood and rose-scented geranium essential oil exhibited similar growth inhibition against *S. typhimurium* in the growth over time assay. All essential oils that were tested with this method exhibited a greater sensitivity to *S. typhimurium* than to *E. coli* O157:H7. In contrast, white wormwood and bay laurel essential oils showed less sensitivity to *S. typhimurium* than *E. coli* O157:H7 in the agar diffusion spot method. Compared to white wormwood and bay laurel essential oils, rose-scented geranium showed the highest antimicrobial activity among the three essential oils, confirmed by MIC and MLC against *S. typhimurium* and *E. coli* O157:H7 at 0.4% and 0.4% and 0.4% and 0.5%, respectively. It is notable that the similar MIC and MLC of rose-scented geranium indicated the effectiveness of rose-scented geranium essential oil at inhibiting both common pathogens at the same concentration levels. Boukhatem *et al*. \[[@B31-foods-05-00028]\] reported that rose-scented geranium essential oil had antimicrobial activity against *E. coli* but no inhibition effect against *S. typhimurium* when tested using a disk diffusion method. In a study by Sbayou *et al*. \[[@B32-foods-05-00028]\], MIC and MLC of white wormwood essential oil against *E. coli* O157:H7 was approximately 0.125%, which was lower than our current data. Although bay laurel essential oil showed the lowest antimicrobial activities among three essential oils in the present study, other studies showed higher values for MIC and MLC of bay laurel essential oil against the same pathogens \[[@B31-foods-05-00028],[@B33-foods-05-00028]\]. This difference may be due to several factors such as variation in the percentage of main components, different extraction methods, or different methods for evaluating the antibacterial activities.

3.2. Antioxidant Effect of Essential Oils {#sec3dot2-foods-05-00028}
-----------------------------------------

Next, antioxidant effects of essential oils from white wormwood, rose-scented geranium and bay laurel were examined. [Figure 3](#foods-05-00028-f003){ref-type="fig"}A shows the radical scavenging activities of the essential oils using DPPH, a stable free radical. Although white wormwood and rose-scented geranium essential oils exhibited similar radical scavenging activity, rose-scented geranium showed higher activity than that of white wormwood at concentrations higher than 3% ([Figure 3](#foods-05-00028-f003){ref-type="fig"}A). Because of the strong scavenging activity of bay laurel essential oil, measurement was performed at lower concentrations. Compared to the other oils, 1% bay laurel essential oil showed a 96% DPPH radical scavenging activity. This was confirmed by EC~50~ values, 2.33 ± 0.47, 1.85 ± 0.20, and 0.04 ± 0.005 of white wormwood, rose-scented geranium and bay laurel essential oils, respectively. The electron donating capacity of essential oils was accessed using a reducing power assay ([Figure 3](#foods-05-00028-f003){ref-type="fig"}B). Bay laurel essential oil exhibited a higher reducing power than white wormwood and rose geranium. Consistent with this, bay laurel essential oil also exhibited a higher total antioxidant activity than the others. Rose-scented geranium essential oil showed a higher total antioxidant activity than white wormwood, but this difference was not statistically significant.

Essential oils have shown antioxidant properties that improve health as well as food quality \[[@B34-foods-05-00028]\]. Consistent with our present data, bay laurel essential oil showed strong radical scavenging activity, electron donating capacity and total antioxidant activity \[[@B35-foods-05-00028],[@B36-foods-05-00028],[@B37-foods-05-00028],[@B38-foods-05-00028]\]. Bay laurel essential oil used in a present study contained 1.8-cineole, linalool, methyl eugenol and eugenol. The primary components of morocco bay laurel essential oil that were extracted using a stream distillation method were 1,8-cineole, 2-carene, trans-ocimene and sabinene \[[@B37-foods-05-00028]\]. In the study of Saab *et al*. \[[@B39-foods-05-00028]\], 1.8-cineole, 1-p-menthen-8-ethyl acetate, linalool and sabinene were indicated as main components of essential oil obtained from laurel leaves. The strong antioxidant property of bay laurel essential oil may be due to the presence of its primary components 1,8-cineole and linalool. However, the individual components did not show strong antioxidant activity \[[@B35-foods-05-00028]\]. This would suggest that the strong activity of bay laurel essential oil may be due to the presence of other minor components, or the synergistic effects between the major and minor components or phenolic compounds that are possibly extracted at the same time during the essential oils extraction process. Essential oil obtained from white wormwood growing in Tunisia using a hypodistillation method showed antioxidant activity \[[@B40-foods-05-00028]\]. One of five chemical classes identified in the essential oil was monoterpenes, which includes thujone (approximately 10%) \[[@B40-foods-05-00028]\]. White wormwood essential oil that was tested in a present study includes 70% thujone. Guerrini *et al.* \[[@B41-foods-05-00028]\] reported that rose-scented geranium essential oil had lower antioxidant activity than thyme essential oil. This showed similar main chemical composition, but higher concentrations of citronellol (32.71%) and geraniol (19.58%) compared to the essential oil used in a present study \[[@B41-foods-05-00028]\]. However, methanol extract obtained from white wormwood exhibited stronger scavenging and reducing power activities due to phenolic compositions \[[@B42-foods-05-00028]\]. There can be variations in the chemical composition of essential oils due to differences in geographic origin of the plant and temperature and the length of growing seasons. These variations might influence the antioxidant and antimicrobial activities of the essential oils.

3.3. Sensory Evaluation {#sec3dot3-foods-05-00028}
-----------------------

Based on the antimicrobial and antioxidant effects of essential oils in [Figure 1](#foods-05-00028-f001){ref-type="fig"}, [Figure 2](#foods-05-00028-f002){ref-type="fig"} and [Figure 3](#foods-05-00028-f003){ref-type="fig"} and [Table 1](#foods-05-00028-t001){ref-type="table"}, rose-scented geranium exhibited the highest antimicrobial and antioxidant effects and was thus selected for sensory evaluation on fruits and vegetables. [Table 3](#foods-05-00028-t003){ref-type="table"} shows the results of the sensory evaluation of whole tomatoes, cantaloupe and spinach sprayed with and without rose-scented geranium essential oils. Statistical analysis indicated that there was no significant difference (*p* \> 0.05) between the essential oil-treated and water-sprayed groups with regard to aroma, color, texture, browning, off-odor and overall acceptability. This result would suggest that rose-scented geranium (0.4%, *v*/*v*) could be an attractive antimicrobial to prevent contamination from both *S. typhimurium* and *E. coli* O157:H7 on fresh produce. In addition, the antioxidant properties of rose-scented geranium residue could provide a positive health effect.

4. Conclusions {#sec4-foods-05-00028}
==============

Rose-scented geranium essential oil exhibited the highest antimicrobial activity against both *S. typhimurium* and *E. coli* O157:H7 at equal concentrations. The antioxidant properties of this essential oil could also provide a health benefit to consumers in contrast to the negative health issues associated with the consumption of synthetic antimicrobials. Thus, rose-scented geranium essential oil could be a promising candidate for development as an alternative natural antimicrobial to prevent contamination by *S. typhimurium* and *E. coli* O157:H7 in food products. The results of this study demonstrated the antimicrobial activity of three essential oils against foodborne pathogens grown in laboratory media. However, further study is warranted in order to explore the effectiveness of these essential oils alone or in combination with various types of physical treatments on foodborne pathogens, in order to compare the effectiveness of these oils in inhibiting foodborne pathogens.
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![Inhibitory effect of white wormwood, rose-scented geranium and bay laurel essential oils on growth of *S. typhimurium* and *E. coli* O157:H7. (**A**--**C**) represents the growth of *S. typhimurium* and (**D**--**F**) represent the growth of *E. coli* O157:H7 in the presence of different concentrations of white wormwood (**A** and **D**), rose-scented geranium (**B** and **E**) and bay laurel (**C** and **F**) essential oils in LB broth during 8 h incubation (37 °C) by measuring O.D. (610 nm). The experiment was performed in triplicate. The data was presented as mean ± SD.](foods-05-00028-g001){#foods-05-00028-f001}

![A representative image obtained by results of agar diffusion spot assay. (**A**--**C**) *S*. *typhimurium* and (**D**--**F**) *E. coli* O157:H7 were streaked in each plate and then different concentrations of white wormwood (**A** and **D**), rose-scented geranium (**B** and **E**) and bay laurel (**C** and **F**) essential oils were spot in the plate. After 48 h incubation, a zone of inhibition was observed.](foods-05-00028-g002){#foods-05-00028-f002}

![Antioxidant activity of white wormwood, rose-scented geranium and bay laurel essential oils. (**A**) DPPH radical scavenging activity; (**B**) reducing power activity; (**C**) total antioxidant activity. Each experiment was performed in quadruplicate. The data was presented as mean ± SD.](foods-05-00028-g003){#foods-05-00028-f003}

foods-05-00028-t001_Table 1

###### 

Final population of *S. typhimurium* and *E. coli* O157:H7 in LB broth in the presence of essential oils at different concentrations (%, *v*/*v*) after 8 h of incubations (37 °C).

                                *S. typhimurium*   *E. coli* O157:H7                                                                   
  ----------------------------- ------------------ ----------------------- ----------------- ----------------- ----------------------- -----------------
  Concentrations (%, *v*/*v*)   White wormwood     Rose-scented geranium   Bay laurel        White wormwood    Rose-scented geranium   Bay laurel
  Control                       9.68^Aa^ ± 0.14    9.15^Ab^ ± 0.12         9.34^Ac^ ± 0.18   8.89^Aa^ ± 0.28   9.08^Aa^ ± 0.27         8.99^Aa^ ± 0.20
  0.1                           2.87^Ba^ ± 0.43    1.72^Ba^ ± 0.22         7.01^Bb^ ± 0.42   7.02^Ba^ ± 0.23   7.81^Bab^ ± 0.42        8.06^Bb^ ± 0.28
  0.15                          BDL                BDL                     3.38^C^ ± 0.33    3.04^Ca^ ± 0.14   5.05^Cb^ ± 0.30         6.30^Cc^ ± 0.21
  0.2                           BDL                BDL                     BDL               BDL               3.38^Da^ ± 0.25         5.17^Db^ ± 0.19
  0.25                          BDL                BDL                     BDL               BDL               BDL                     4.17^E^ ± 0.31
  0.5                           BDL                BDL                     BDL               BDL               BDL                     BDL
  1                             BDL                BDL                     BDL               BDL               BDL                     BDL

Averages with different upper case letters (A, B, C, D, and E) in the same column are significantly different (*p* \< 0.05); Averages with different lower case letters (a, b, c and d) in the same row and for each strain are significantly different (*p* \< 0.05); BDL: Below detectable level.

foods-05-00028-t002_Table 2

###### 

Inhibitory effect of essential oils against *S. typhimurium* and *E. coli* O157:H7 after 8 and 48 h incubation on LB agar plate.

  Hour                    Concentration (%, *v*/*v*)   0.1   0.2   0.3   0.4   0.5   0.6   0.8   0.9   1     3   6   8
  ----------------------- ---------------------------- ----- ----- ----- ----- ----- ----- ----- ----- ----- --- --- ---
  *S. typhimurium*                                                                                                   
  8                       White wormwood               \+    \+    \+    \+    \+    \+    +/−   −     −     −   −   −
  Rose-scented geranium   \+                           \+    +/−   −     −     −     −     −     −     −     −   −   
  Bay laurel              \+                           \+    \+    \+    \+    \+    \+    +/−   +/−   −     −   −   
  48                      White wormwood               \+    \+    \+    \+    \+    \+    +/−   +/−   +/−   −   −   −
  Rose-scented geranium   \+                           \+    +/−   −     −     −     −     −     −     −     −   −   
  Bay laurel              \+                           \+    \+    \+    \+    \+    \+    \+    +/−   −     −   −   
  *E. coli* O157:H7                                                                                                  
  8                       White wormwood               \+    \+    \+    +/−   −     −     −     −     −     −   −   −
  Rose-scented geranium   \+                           \+    +/−   −     −     −     −     −     −     −     −   −   
  Bay laurel              \+                           \+    \+    \+    \+    +/−   −     −     −     −     −   −   
  48                      White wormwood               \+    \+    \+    \+    +/−   −     −     −     −     −   −   −
  Rose−scented geranium   \+                           \+    +/−   +/−   −     −     −     −     −     −     −   −   
  Bay laurel              \+                           \+    \+    \+    \+    \+    +/−   +/−   −     −     −   −   

(−) no growth; (±) some growth; (+) growth.

foods-05-00028-t003_Table 3

###### 

Effect of rose-scented geranium essential oil on the sensory characteristics of fresh produce.

  -------------------- ---------------- ----------------- ---------------- ---------------- ---------------- -----------------------
  **Whole Tomatoes**                                                                                         
                       Aroma            Off-odor          Color            Browning         Texture          Overall acceptability
  Control              7.14 ± 2.46^a^   5.18 ± 1.9^a^     7.14 ± 1.15^a^   5.36 ± 0.95^a^   6.79 ± 1.68^a^   6.68 ± 2.23^a^
  RG\*                 5.75 ± 2.23^a^   4.82 ± 1.76^a^    6.79 ± 1.40^a^   5.14 ± 1.04^a^   6.57 ± 1.54^a^   5.68 ± 2.08^a^
  *t*-value            1.57             0.51              0.74             0.57             0.35             1.23
  *f*-value            0.128            0.615             0.467            0.575            0.728            0.231
  **Cantaloupes**                                                                                            
                       Aroma            Off-odor          Color            Browning         Texture          Overall acceptability
  Control              7.29 ± 1.03^a^   5.96 ± 1.29^a^    6.39 ± 1.86^a^   5.75 ± 1.64^a^   6.07 ± 1.96^a^   6.50 ± 1.73^a^
  RG\*                 6.32 ± 1.79^a^   5.50 ± 1.77^a^    6.79 ± 1.63^a^   5.68 ± 1.19^a^   6.61 ± 1.59^a^   6.21 ± 1.67^a^
  *t*-value            1.74             0.79              0.59             0.13             0.79             0.44
  *f*-value            0.093            0.434             0.55             0.896            0.435            0.661
  **Spinach Leaves**                                                                                         
                       Aroma            Off-odor          Color            Browning         Texture          Overall acceptability
  Control              6.43 ± 2.04^a^   5.86 ± 1.54^a^    7.46 ± 1.15^a^   5.36 ± 1.79^a^   6.86 ± 1.59^a^   7.36 ± 1.17^a^
  RG\*                 6.04 ± 1.93^a^   5.43 ± 1.05 ^a^   7.54 ± 1.28^a^   5.29 ± 1.61^a^   6.93 ± 1.20^a^   6.86 ± 1.63^a^
  *t*-value            0.52             0.86              0.16             0.11             0.13             0.93
  *f*-value            0.605            0.397             0.878            0.913            0.896            0.360
  -------------------- ---------------- ----------------- ---------------- ---------------- ---------------- -----------------------

Mean values sharing same letters are non-significant to each other; ^a^ a sample with score less than 5 in any of the sensory attributes was considered unacceptable; \* RG is rose-scented geranium essential oil.
